Abstract -Twenty-eight multiparous dairy cows were divided into 2 groups: one group (S) was fed a ray-grass silage diet and the other one (H) a hay-based diet.
INTRODUCTION
Over the last decade, some scientists have explored the relationships that exist between the conditions under which milk is produced and the sensory properties of cheese, as these upstream factors, those related to animal feeding in particular, have increasingly been the focus of consumers' concern. These factors are particularly important in the case of labelled products (Protected Designation of Origin [PDO] , Protected Geographical Indication [PGI], etc.), where any raw material modification during processing is restricted or prohibited and close links with milk production conditions are claimed to be the basis for the "terroir" notion [12] . Studies on the effects of animals' characteristics or feeding provide a large number of original data, recently reviewed by Coulon et al. [9] . Nevertheless, the effect of upstream factors on cheese sensory properties may vary for a given cheese variety according to cheesemaking parameters such as partial skimming [31] , pasteurisation [11] , acidification kinetics [19] or ripening time [3] . The effects of upstream factors may also vary according to the cheese varieties. Indeed, the mechanisms involved in the effectiveness of upstream factors are linked to variations in milk chemical or microbial characteristics according to dairy cows' feeding characteristics. The influence of change in milk characteristics on cheese properties may vary according to the cheese variety. For instance, the weight of feeding factor effects on milk fat properties is likely to be all the more important as the cheese fat content is high. So, we hypothesised that the effect of upstream factors observed in one cheese model cannot necessarily be extrapolated to other cheese models. In this study we were interested in the differences in upstream factors' expression according to the cheese model.
The aim of this study was to describe the chemical composition and the sensory characteristics of two cheese models (SaintNectaire and Cantal) made with the milk produced by cows fed a diet based either on hay or on grass silage. We chose these two diets because the issue of grass preservation in the form of silage has long been a matter of debate within the PDO cheese channels.
MATERIALS AND METHODS

Experimental design
Twenty-eight Holstein (HO, n = 12), Montbéliarde (MO, n = 8) and Tarentaise (TA, n = 8) cows were divided into two equal groups of 14 cows (4 MO, 4 TA and 6 HO). These animals had calved between 15 November and 10 January. The allelic frequency of the κ-casein B variant was equivalent in both groups (39% and 42%). The trial began on 7 February. During a first 3-week period (P1), both groups were fed the same diet based on maize silage (90% dry matter (DM) of the diet) with a concentrate mixture (61% barley, 22% soybean meal and 17% urea). Then, group S was fed a ray-grass silage diet (90% DMI) for 7 weeks (P2), and group H was fed a haybased diet (90% DMI). Ryegrass silage was prepared on 8 June from a first-cut of temporary grassland (sowed 3 years ago and in the majority composed of raygrass) with some formic acid (3 L·t -1 ). The hay came from mountain natural grassland harvested on 26 May and barn-dried: it was composed principally of 34% Lolium perenne, 18% Dactylis glomerata, 13% Poa trivialis, 7% Agrostis tenuis and 6% Trifolium repens. Each cow received restricted amounts of forage and concentrate according to their bodyweight and milk yield recorded in weeks 2 and 3 of P1, so as to be isoenergetic and to cover the cows' nitrogen requirements. The concentrate used was a mixture of soybean meal and barley. Throughout the entire experiment, the cows were given a mineral and vitamin additive at a rate of 200 g·d -1 .
Cheesemaking
During the last 5 weeks of P2, the raw milk obtained from S and H cows at the morning milking was alternately processed every other day into Saint-Nectaire-type cheese and into Cantal cheese. These two French cheeses are PDO-labelled.
The milks were processed without any standardisation. The Saint-Nectaire-type cheeses (Sn) were manufactured in an experimental dairy plant equipped with two 40-L vats. Overall, 10 vats were processed and 20 cheeses manufactured. In each vat, 32 kg of milk were heated to 33 °C and inoculated with a lyophilised, mesophilic and thermophilic starter culture (0.1 g·kg -1 MA400 and 2.35 g·kg -1 MY800, respectively;
Texel, Dangé-Saint-Romain, France) reconstituted in sterile skimmed milk (100 g·L -1 ), with a ripening starter (7.10 6 germs·L -1 , Groupement d'Intérêt Economique, Laboratoire Interprofessionnel de Production, Aurillac, France) and with 33 g·kg -1 of a 520 mg active chymosin·L -1 rennet (SBI, Gand-Gassiot, Beaune, France). Clotting time was visually assessed. One hour later, the curd was cut for 3 min, stirred for 6 min and left to rest for 4 min. While the curd was kept on the vat bottom with a grille, the whey was drained. The curd was cut into 24 cubes to extract the whey. These cubes were then placed into two moulds and shaped with a moulding machine (Duprat, Murat, France). Each cheese was rolled up in a cheese cloth and a hoop, salted on the surface (40 g NaCl per side) and placed in polypropylene moulds. These cheeses were pressed for 24 h under 3 bar, then ripened for 7 weeks in a cellar at 10°C and 95% minimum relative humidity.
Small-size Cantal cheeses (10 kg instead of 40) called "Cantalets" (also PDOlabelled), were manufactured from 110 L of S or H milk. Overall, 10 vats were processed and produced 10 Cantalet (Ca) cheeses. Once heated to 33 °C, raw milks were inoculated with 0.2 g of a lyophilised, mesophilic starter culture (Flora Danica Direct, Sochal, Saint-Etienne-de-Chomeil, France) reconstituted in sterile skimmed milk (100 g·L -1 ), with a ripening starter (2 mL of Monilev and 1.5 mL of Penbac, Laboratoire Interprofessionnel de Production, Aurillac, France) and with 0.33 g·kg -1 of a rennet containing 520 mg active chymosin·L -1 . Forty-five minutes later, the curd was cut for 5 min to produce pellets 5-6 mm in diameter. The curd-whey mixture was then blended for 12 min and left to stand for 7 min. After extraction of the whey, the curd was placed in a pressing tray where it was pressed, cut into 15-cm-sided cubes and turned 12 times in about 3 h in order to reach 50% dry matter. After pressing, the curd cubes were left to drain for 24 h at 20 °C and were pounded into grains 20 mm in diameter. The mixture was salted with 20 g·kg -1 dry salt and left to stand for 6 h at 20 °C before one cheese per vat was formed in a cloth mould and pressed for 24 h at 13 °C. Cheeses were placed in a ripening cellar for 3 months at 10 °C and 95% minimum relative humidity.
Analyses
Milks
pH (at 20 °C), protein, fat and lactose contents (infrared method, Milkoscan 4000, Foss System, Hillerod, Denmark), urea content (dimethyl amino benzaldehyde (DMAB) method), calcium (flame atomic absorption spectrometric method [15] ) and phosphorus contents (spectrometric method [14] ), somatic cell count (Fossomatic 5000, Foss System, Hillerod, Denmark [16] ), milk total bacterial count [2] and butyric spore count [6] were assessed on a representative sample of each vat. Coagulation properties (rennet clotting time, curd firming time required to achieve 20 mm firmness and curd firmness after 30 min) were also evaluated, using a Formagraph apparatus according to the method proposed by McMahon and Brown [21] as described in Verdier-Metz et al. [29] .
The Cinac system (Ysebaert Dairy Division, Frepillon, France, [7] ) was used to measure the acidification properties of the milk. pH measurements were made every 10 min for 24 h according to temperature variation: 4 h at 33 °C then 2.5 h at 26 °C then a progressive decrease to 20 °C in order to reproduce the thermal cycle of a pressed cheese. Three conditions were studied for each milk: raw milk alone, and the same raw milk inoculated with the two starters used for cheesemaking (see Sect. 2.2).
During the last week of each period (P1 and P2), 2-and 9-triangle sensory analyses [1] were, respectively performed by a panel of 10 or 11 assessors to compare the two milks, under a red light and on milk heated to 45 °C. The assessors were free to specify which criteria allowed them to identify the unseeded raw milk sample.
Cheeses
The pH was measured at 20 °C by introducing an Ingold electrode (Ingold France, Paris, France) into some ground cheese. Dry matter content was determined by desiccation at 103 °C for 24 h [13] . The fat content of the cheeses was measured by butyrometric method [17] . Total nitrogen (TN), water-soluble nitrogen (WSN) and phosphotungstic acid soluble nitrogen (PTSN) were measured using the methods described by Ardö [4] .The measurements of the curd colour of cheeses were detailed in Verdier-Metz et al. [29] .
The rheological method used for the Ca cheeses was uniaxial compression at constant displacement rate. A Lloyd testing machine equipped with parallel plates and a 500-N load cell was used. The displacement rate was 50 mm·min -1 . Ten cylindrical specimens were tested for each cheese sample. The cylinders (20 mm diameter) were cut with a cutting device to a 20-mm height. Test pieces were stored in a small airtight box (to avoid desiccation) for 1 h to permit relaxation before testing at 20°C. Force and displacement data were recorded. The force and height variation data were computed as stress/strain curves.
In the Sn cheeses, we measured the resistance to the penetration of a 2-mmdiameter needle opposed from the curd cheese. The needle was fixed on a 20-N load cell from the Lloyd testing machine.
All ripened cheeses were submitted to 8 assessors from INRA's Aurillac laboratory, who rated each cheese for body and texture (0-5 score) and taste (0-10 score) according to the criteria described by the Interprofession.
The cheeses were assessed by two panels of 10 trained assessors: a "Saint-Nectaire" panel scored the intensity of 33 attributes (3 for texture, 13 for odour, 17 for aroma and flavour) on a structured scale from 0 to 10, and another "Cantal" panel scored the intensity of 43 attributes (5 for texture, 15 for odour, 23 for aroma and flavour) on a structured scale from 0 to 7.
Statistical analyses
The data were processed by analysis of variance [25] . The statistical model included the effect of the diet for data related to milk. By including in the statistical model the effect of the milk's further use (for Ca or Sn cheesemaking) we were able to verify that the milks used in the two cheesemaking processes were equivalent (not shown). For milk clotting and acidification ability we pooled the data obtained for milk further used for Sn and Ca production and we included the dietary effect in the model. For the cheese chemical, rheological and sensory data, analyses of variance were performed separately for Ca and Sn, by including the dietary effect in the model, and in addition the assessor effect for sensory data only. For the cheese chemical data only, we also performed a single analysis of variance for both Ca and Sn, including in the model the effects of diet, cheese variety and the interaction.
RESULTS
Milk characteristics
The milks used for cheesemaking had similar, very low total bacterial counts: 2600 and 1800 cfu·mL -1 for S and H milks, respectively. Their coliform and butyric spore counts never exceeded 500 cfu·mL -1 and 200 spores·L -1 , respectively. The H milks had higher protein, urea (P < 0.001) and phosphorus (P < 0.05) contents than the S milks (Tab. I). In contrast, fat, lactose and calcium contents and somatic cell counts were similar in both diets. The milk pH and clotting properties at native or standardised pH were similar in H and S milks and curd firmness was slightly higher on average (not significant) in H milks. Both milks also had a similar behaviour during spontaneous acidification (Tab. I) and acidification with the two experimental starters (MY800: Tab. I and Flora Danica: results not shown).
From the sensory viewpoint (Tab. II), 45% of the assessors were able to identify the cow groups the milks came from (P < 0.05), although they did not find any differences during the pre-experimental period (P1). Among the right answers, 23% of the assessors claimed to have identified milks from their texture and 51% from their taste, which was globally qualified as "stronger" for the S milk. The other assessors did not explain how they differentiated the samples.
Cheese characteristics
Both Ca and Sn cheeses made from S milk (Tab. III) had a higher fat content and fat in dry matter and a lower total nitrogen content (P < 0.01). They were also yellower (P < 0.001) than H cheeses. Neither the soluble nitrogen fractions nor the instrumental rheological measurements revealed any significant differences between diets. The dietary effect was the same in the two cheese varieties: there was no significant interaction (results not shown) except for the curd colour where the effect of diet on the red-green index was low but opposite on average in the two cheese varieties. The cheese sensory characteristics (Tab. IV) were analysed by two different panels. For Sn cheeses, only 2 of the 33 attributes significantly differed between the diets; S cheeses had a more gritty texture and a less rancid aroma. In addition, no differences were observed in the global acceptance of curd and flavour. Conversely, more significant differences between diets were observed for Ca cheeses. First, H cheeses had higher scores for curd and flavour acceptance. Eight of the 43 attributes significantly differed between the diets (P < 0.05). H cheeses were characterised by their more pronounced "butter" and "grass" odours and "citrus fruits" aroma and a more persistent flavour than S cheeses. The aroma of H cheeses was also slightly (P < 0.1) more "hay" and "hazelnut". The S cheeses were characterised by a pronounced "alcohol" odour and a more chemical aroma, attributes generally carrying a negative connotation. They also had a less "melting" and "mellow" texture than the H cheeses.
DISCUSSION
In our study, the higher protein and urea contents in milk from cows fed hay probably resulted from higher energetic and nitrogen inputs rather than from the forage preservation method, as observed in other studies [8] . Indeed, silage intake was lower than estimated in the experimental design. This resulted in higher energy and nitrogen supplies for H than S cows (14.4 vs. 13.0 UF·cow -1 ·d -1 and 1690 vs. 1140 g PDI·cow -1 ·d -1 , respectively) and also in higher milk yield (18.0 vs. 17.0 kg·cow -1 ·d -1 ). It was surprising that differences in milk protein contents did not induce any significant modification of the renneting suitability, insofar as the allelic frequency of κ-casein B variant was similar in both batches [24] . Nevertheless, the H milk produced firmer gel on average and the differences in protein contents remained limited and were not sufficient to have a significant effect on the milk renneting capacity. The low spontaneous acidification rate of the milks was due to their low microbial counts, as already observed [22] . This study showed that the diets tested did not alter milk suitability for acidification, either spontaneous or with starters. This original result complements scattered data on the effect of cows' diet on milk acidification capacity [5] : in particular, it was demonstrated that milk from maize-silage-fed cows was slowly fermentable and the milks of herds fed with concentrates and silage were characterised by slower acidification. However, in our case, this absence of effect is not surprising insofar as, on the one hand, the quantitative characteristics of the milk flora in both diets were bordering on each other and, on the other hand, an investigation on anti-microbial molecules such as lactoperoxidase and thiocyanate showed similar levels in the milks from silage and hay diets [20] . Also, we demonstrated the existence of a dietary effect on milk sensory characteristics. The differences observed by the assessors were not linked to the yellower colour of the S milk because tasting was performed in a red light environment. The differences noted were ascribed, on the one hand, to texture, although both batches of milk had similar protein and fat contents, and on the other hand, to flavour, qualified with some difficulty by the majority of assessors as slightly stronger in "silage" milk. This last result is in concordance with earlier studies where undesirable flavours were ascribed to the presence of grass silage in the diet [26, 27] and where the volatile compounds responsible for these differences could be identified [23] . The differences noted in our study appeared to be weaker than those previously described. Indeed, even if differences were significant, barely half of the assessors were able to distinguish the milks. The good quality of our grass silage processing and preservation could explain its low impact on milk sensory characteristics. Regarding the cheeses, grass silage led to yellower Ca and Sn cheeses because of a better preservation of carotenoids when grass is preserved as silage [18, 30] . In Sn cheeses, the low effect of the forage under test conditions on cheese sensory characteristics, except curd colour, was in accordance with our earlier results where we observed a very low effect of grass silage preservation on sensory 476 I. Verdier-Metz et al. characteristics of Sn cheeses [28] . In return, we found a stronger dietary effect on the sensory characteristics of Ca cheeses, which was consistent with our hypothesis on the existence of interactions between feeding factors and cheese variety. This interaction does not appear to be linked to the performance of the two groups of trained assessors, insofar as the hedonistic appreciation made by the same jury of both cheeses revealed a more marked effect of the diet on Ca than on Sn cheeses. This interaction appeared to confirm the hypotheses of Coulon et al. [9] who, in a synthesis of different experimental results obtained with different cheese models, observed that some upstream factor effects would be all the more important as the size of cheeses is bigger. The size of a cheese is related to the technological model, and beyond this characteristic, the ecology of the whole system is involved. In our study, regarding texture, the effect of diet was not exactly the same in Sn and Ca cheeses: H Sn cheeses were less gritty and H Ca cheeses more melting and mellow. These observations, in particular about melting and mellowness, are surprising as they were not revealed by the instrumental measurements and were opposed to the expected effect of diet when we consider the differences in cheese gross composition. Both Ca and Sn cheeses made from H milk were richer in nitrogen and poorer in fat in relation to the fat/protein ratio of the milks used for cheesemaking. The effect of diet is not linked to proteolysis. It could be explained partly by the higher proportion of low-melting-point fatty acids noted in H milks by comparison with S milks. This result (not shown) was obtained in the individual milks of 8 out of the 14 cows of each group [10] . Considering the texture appreciation, the diet changed it only in the case of Ca cheese. This result could be linked to the very different curd structure of Ca and Sn cheeses, leading to differences in the expression of dietary effect.
Finally, the main interaction between diet and cheese variety concerns the flavour. Unfortunately, this study provided only a few analytic elements to explain the stronger characteristics of the Ca cheeses derived from the S diet. It did not appear to be linked to the proteolytic indices measured. Otherwise, we may hypothesise that the more significant dietary effect noted in Ca cheeses could be indirectly linked to their larger size. In fact, differences in technological process lead to differences in the mechanisms of ripening. In small-size cheeses such as Saint-Nectaire, the curd/rind ratio is low so the rind microbial flora has a more important role for the formation of sensory properties than in Cantal cheese, where the curd/rind ratio is higher. Because the rind microbial flora is added during the cheesemaking, we can hypothesise that the animals' feeding method has a marginal effect on it. In bigger cheeses such as Cantal, where the ripening process occurs principally inside the curd, the native characteristics of milk are much more influent on cheese final characteristics.
In addition, we have to keep in mind that the interaction observed could be modulated by the cheesemaking parameters chosen in each cheese variety. Indeed, we know the effect of upstream factors on cheese sensory properties may vary for a given cheese variety according to cheesemaking parameters such as partial skimming [31] , pasteurisation [11] , acidification kinetics [19] or ripening time [3] . In particular, in this study it would have been interesting to analyse cheeses after different ripening times or using different cheesemaking procedures in order to ensure that the effects of diet are greater between two cheese varieties than within one cheese variety.
CONCLUSION
This study made it possible to specify the role played by the grass forage type in the determination of cheese sensory characteristics. Its originality lies in the comparison of two cheese types in the same study, showing that this effect could vary according to the cheese type. This interaction was indirectly suspected in other studies, but was for the first time evidenced by this study. This result complements those already obtained separately for different cheese varieties.
Also, this study has raised an important issue on the upstream factor effect: what results obtained for one cheese model are transposable to other ones? However, we cannot forget that the data were obtained at a given ripening time for each cheese: the latter was the common ripening time where Ca and Sn cheeses are eaten but not necessarily the best one to optimise the dietary differences. Finally, this work has not elicited any explanation as to the mechanisms of upstream factor expression. The understanding of these mechanisms would lead to an answer to the previous question.
